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THE HETEROLOGOUS TRANSPLANTATION
OF HUMAN MELANOMAS*
HARRY S. N. GREENE
Following the observation that human cancer possesses the ability to sur-
vive and grow in animals of lower species, a considerable number and
variety of tumors have been studied with respect to this attribute.1 The
tumors can be maintained by serial passage in the new species and, being
borne by animals amenable to experimentation, provide a unique material
for investigation.2"" A further approach to the cancer problem of more
immediate clinical interest concerns the fact that heterotransplantability is a
developmental acquisition and not a property of tumors from their incep-
tion. The attainment of the property is of significance in the natural history
of the tumor and the success or failure of transfer relates directly to the
subsequent fate of the patient.
The results of this study will be presented in a series of papers. The
present report will be limited to data derived from the transplantation of
melanomata.
Materials and methods
The present report is based on the transplantation of melanomas from
eleven different patients. Operative specimens were obtained at separate
times from two of the patients and the series consists of thirteen transplan-
tation experiments.
Guinea pigs were used exclusively as recipients. The technique of transfer has been
described briefly elsewhere but its apparent failure in other hands suggests that a
more detailed account of procedure might be given.2 The animal is immobilized on an
operating board with tie strings in such a manner that the desired eye presents to the
operator. The cornea is anaesthetized by contact with a 5% aqueous solution of
cocaine administered with a medicine dropper. An incision is made at approximately
the midpoint of the upper border of the limbus utilizing a sharp double-edged corneal
knife. The knife is directed slightly forward so that the blade enters the anterior
chamber without damage to the iris. The pressure necessary to pierce the cornea is
sufficient, even with a sharp knife, to rotate the eyeball beneath the lower lid and con-
ceal the operative field. A short, quick thrust of the knife, however, results in an
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adequate opening and the temporary obscurity is inconsequential. Withdrawal of the
blade is accompanied by the escape of a small amount of aqueous humor but, unless
the iris has been cut by a misdirected knife, there is no bleeding.
Transfer of the tumor is effected by means of a trocar commensurate in diameter
with the corneal incision. The trocar should be equipped with a tight-fitting plunger
and a short bevelled mouth with all edges filed to smoothness. A small fragment of
tumor is placed in the mouth of the trocar and forced into the barrel, a step greatly
facilitated by withdrawing the plunger to produce suction. The tip of the trocar is
inserted through the incision a short distance so that the bore is entirely within the
chamber and the fragment is expelled. It is important that all manual pressure about
the eye and head of the animal be released before withdrawing the trocar to prevent
escape of the fragment. Finally, the fragment is forced into the inferior angle of the
iris by applying light pressure along the corneal surface with a blunt instrument. The
incision is not closed.
The procedure is executed with great rapidity and the technique is extremely simple.
Yet, some workers have encountered difficulties and several points warrant further
emphasis. The knife should be sharp and of such width that a stab wound will admit
the trocar. The use of a narrow knife necessitates side cutting to obtain a sufficient
opening and this may be attended by iris damage with consequent bleeding. Pointed
surgical blades or single-edged corneal knives are undesirable, for the triangular cut
produced heals slowly and may result in herniation of the iris.
The fragments of tissue to be transplanted should be cut from the tumor mass with
sharp instruments and should not exceed 1 mm. in diameter. The selection of fragments
is by far the most important step in the procedure. In addition to essential parenchyma,
all human cancers contain stroma and many are infiltrated with desmoplastic connec-
tive tissue. Such tissues are adult in nature and will not grow on transfer. In fact,
their presence in quantity will give rise to a foreign body reaction in the alienhost
and result in death of the transplant. It is essential, therefore, that selection be based
on the content of tumor parenchyma and some knowledge of gross pathology is neces-
sary for such a differentiation. Frozen sections obtained from different areas of the
tumor mass are of considerable aid in some cases. It is obvious that necrotic tumor
or normal tissue adjacent to the tumor are not suitable materials for transfer.
The placing of the fragment in a wedged position in the inferior angle of the iris
is important for early vascularization. Occasionally, fragments so placed work loose
shortly after operation and an examination with the required readjustment is desirable
before returning the animals to the colony. Fixation occurs within a few hours and
further check is unnecessary.
The tumor tissue may be transplanted immediately after operation or stored at ice
box temperature for several days before use. It is essential that the material be free
of infection and that surgical sterility be maintained throughout all manipulations.
The animals are not subjected to special treatment after operation, but are carried
under the ordinary conditions of cage life. It should be emphasized that guinea pigs
are incapable of synthesizing vitamin C and require a daily measure of greens. Trans-
planted tumors grow poorly if at all in ill-kept, inadequately nourished animals.
The melanomas used for transfer were biopsy specimens obtained from
adult individuals at the New Haven Hospital. They represent a small por-
tion of a large series of tumors subjected to transplantation during the years
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1943 to 1950 and include all of the melanomas received from the operating
room in suitable condition for transfer. No attempt was made to transplant
tumors that had ulcerated in the patient or were sent to Surgical Pathology
in unsterile containers or in formalin. Material obtained by needle biopsy
was also rejected. One tumor (No. 7) was transplanted in 1939 at the
Rockefeller Institute for Medical Research in Princeton, New Jersey,
having been transported from New Haven by mail in a thermos jug.
TABLE 1
THE RESULTS OF HETEROLOGOUS TRANSPLANTATION OF HUMAN MELANOMAS
Transfer
Date Tissue used Result
2/25/39 Node in chest wall +
3/3/43 Inguinal node +
3/15/43 Inguinal node
4/27/43 Primary
10/26/46 Local Recurrence +
1/24/45 Cervical node +
3/7/45 Primary
3/14/45 Primary
4/1/49 Popliteal node *
9/30/49 Cervical node +
5/10/49 Axillary node
5/20/49 Cervical node +
12/2/49 Axillary node +
Present status Surtival
of patient monthst
Died 9/26/39 7
Died 6/28/44 15
Died 11/11/45 30
Died 12/15/46 2
Died 7/16/45 6
Alive
Alive
Died 1/14/50 3
Alive
Died 6/22/49 1
Alive
+ Indicates successful transfer.
Indicates unsuccessful transfer.
* Tumor failed to grow in normal environment of anterior chamber but did grow
when transferred in contact with placental transplants.
t Survival periods are computed to the date of writing, January 20, 1950.
Results
The results of the transplantation experiments are shown in Table 1. The
melanomas borne by seven of the patients were successfully transplanted to
guinea pigs, while transfers from four other patients were unsuccessful.
A comparison of the results of transfer and the fate of the patients shows
the existence of a direct relationship between transplantability and the stage
of the disease at the time of operation. One of the individuals with a trans-
plantable tumor is alive at the time of writing, one month after transfer,
but there is definite clinical evidence of liver metastasis. The remaining six
patients all died within 15 months of successful transfer, the survival periods
Series
no.
7
51
53
64
207
144
151
152
441
512
457
462
536
Patient
F.H.
R.D.
E.C.
F.W.
F.W.
J.K.
V.H.
A.T.
W.U.
W.U.
A.H.
E.W.
D.H.
Primary
site
Nose
Foot
Vulva
Shoulder
Shoulder
Face
Eye
Eye
Scalp
Scalp
Arm
Ear
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being 1, 2, 3, 6, 7, and 15 months. In contrast, three of the four individuals
wZith non-transplantable tumors are living; two have survived for nearly 5
years; one, A. H., Case 457, is clinically free of tumor seven months after
an axillary dissection. The fourth patient of this category died thirty months
after a negative transfer, a survival period twice that of the longest living
patient with a transplantable tumor.
In two instances, successive biopsy specimens were obtained and the re-
sults of transplantation are of special significance as illustrations of the
developmental progress of the tumor in the interim between operations. In
one case, F. W., the primary tumor in the skin of the shoulder was removed
in April, 1943, and transfer was unsuccessful. Three and a half years later,
the patient returned for removal of a local recurrence and, at this time,
transfer was successful. The significance of these results in relation to the
developmental stage of the disease is indicated by the fact that the patient
died with metastases one month after the positive transfer.
The second case, W. U., is similar in pattern. A popliteal mass was re-
moved in April, 1949, and representative fragments failed to grow oh trans-
fer to normal guinea pigs. In contrast, a cervical node remnoved in Septem-
ber of the same year was readily transplanted and the patient died with
metastases three months later. It is of interest in passing to note that
although the specimen obtained in April could not be tranferred to normal
guinea pigs, growth was obtained when the tumor fragments were trans-
planted in association with fragments of guinea pig placenta. The signifi-
cance of growth under such circumstances is not clearly understood but
similar results have been obtained with other tumors and it appears to be
a general rule that tumors on the verge of becoming autonomous will grow
in association with transplants of embryonic tissue although they never sur-
vive when transplanted alone. The growth of placenta under the condi-
tions of the experiment is in itself worthy of note. Despite numerous
attempts, it has not been found possible to transplant isolated fragments of
placenta, but good growth is obtained when the tissue is transplanted in
combination with embryonic organs. The point of interest in the combined
transplant in question is that the melanotic tumor apparently exerted an
influence comparable to that of embryonic tissue and supplied the conditions
necessary for placental growth. The finding is an incidental observation
and has no special application in the present discussion. The point to be
emphasized is that at one period of development the tumor would not grow
in normal animals, while at a later period, antedating death by three months,
growth was readily obtained.
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A complicating circumstance of possible significance to an interpretation
of this case concerns the status of the patient at the time of the first trans-
fer and should be noted. The patient was an elderly individual in consider-
able discomfort and neither surgery nor X-ray therapy was of promise from
a palliative standpoint. In view of the altered behavior of melanomas occur-
ring before puberty, it was felt that some benefit might be derived from
castration. After bilateral orchidectomy, there was symptomatic relief and
the popliteal tumor actually diminished in size over a period of several
weeks. Two months after castration, surgery seemed advisable and the mass
was removed. This constituted the material utilized in the first transfer.
It is of some iRterest that, although a needle biopsy performed before castra-
tion revealed an amelanotic medullary tumor, sections of the surgical speci-
men were heavily pigmented and contained an abundance of desmoplastic
connective tissue. The material obtained by needle biopsy was insufficient
in amount to allow both morphological study and transfer and unfortunately
its transplantability was not determined. The point at issue is whether or
not the transplantability of the tumor was affected by the change of status
incident to castration and an answer is of importance both to an interpreta-
tion of the experiments and to an understanding of the biological relation-
ships of the tumors. It is hoped that future studies will yield pertinent data.
The behavior of melanomas in the anterior chamber of the guinea pig
differs in several respects from that of other human tumors. Transplants of
ordinary epidermoid or adenocarcinomas show evidence of growth in from
one to two weeks, but it is not uncommon for a fragment of melanoma to
remain unchanged in size or appearance for as long as three months after
transfer. Subsequent growth may be rapid so that the chamber is filled dur-
ing the following two weeks, but, in other cases, it is extremely slow and a
period of six months may be required for the tumor to reach a comparable
size.
The rate ofgrowth in the pig's eye is apparently without significance from
a prognostic point of view. In the case of F. W., who survived successful
transfer by seven months, the average period required to fill the chamber
was six months, while the patient, R. D., whose tumor filled the chamber
in four months, survived for fifteen months. The slowest growing tumor
of the series required seven months to fill the chamber and this was derived
from the patient, E. W., who died one month after transfer.
The incidence of takes also varied within wide limits and, like the rate of
growth, appeared to be without prognostic significance. The highest in-
cidence (six takes among eight animals) occurred in the transfer of theYALE JOURNAL OF BIOLOGY AND MEDICINE
tumor from R. D., and the lowest (two out of eight) resulted from the
transplantation of the tumor from E. W. Notwithstanding, R. D. survived
for nearly a year and a half, while E. W. died in a month.
The incidence of takes in this, as in other tumor transplantation studies,
bears a direct relationship to the stromal and desmoplastic content of the
tumor and depends to an extent on the care exercised in the choice of
fragments. Despite careful selection, however, medullary cancers invariably
grow in more animals than do scirrhous tumors of comparable autonomy.
Second generation transplants of all tumors, whether medullary or scirrhous
in the human patient, show much the same degree of cellularity, and the
connective tissue content as well as any included normal tissue is, of course,
guinea pig in identity. This would seem to account for the fact that such
transplants grow in a uniformly high percentage of animals. In the second
passage, the tumors of both R. D. and E. W. grew in eight of the ten
animals used.
It is probable that more takes would have been observed if the animals
of the first generation could have been held for a longer period of time. But,
when large numbers of tumors are being tested, it becomes impracticable to
hold animals for long-term observation without extensive caging facilities.
In the present series of experiments, animals with no evidence of growth
were released six months after transfer. In one such case, an animal had
been shifted from the experimental population to the breeding colony, and
a full year thereafter, growth of the transplanted melanoma was noted. The
factors governing the long survival of fragments in a living state, but with-
out any manifestations of growth are of great interest in view of an appar-
ently similar situation in human patients where metastases may behave in
an identical manner. The transplanted fragments remain translucent in
sharp contrast to the opaque white appearance of dead grafts, and there is
no evidence of vascularization until shortly before growth occurs. It would
seem that the life of the transplant can be maintained by the simple ex-
changes possible in the aqueous humor but that actual growth depends on
the added nutrition attending a blood supply. The conditions concerned in
vascularization of the transplant would thus appear to be of considerable
significance in determining the incidence of takes, and whether these are
primarily functions of the transplant or of the recipient host is the subject
of continued study. It is of interest in passing to note that the rate of
growth is subject to changes even after vascularization and that these
changes correspond to alterations in the endocrine status of the host. Thus,
growth ceases during pregnancy to recur with increased vigor at the incep-
tion of lactation.
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All of the guinea pigs of the first generation were killed for retransfer or
histological study as soon as the period of time required to fill the anterior
chamber had been determined. Tumors of the second and subsequent serial
generations grew more rapidly and representative animals were held for
further observation of the course of growth. In the majority, regression
occurred after the tumor had filled the chamber. This proceeded rapidly
and the transition from living tumor to complete necrosis generally occupied
less than a week. Such animals proved refractory to reinoculation of the
tumor in the anterior chamber of the opposite side.
In a few cases, growth continued beyond the point of filling the chamber,
leading to rupture of the cornea and protrusion of the tumor in an unsightly
fungating mass. This was followed eventually by infection, haemorrhage,
and death. At autopsy, there was no evidence of lymphatic extension or
metastasis, but in one animal, histological sections of the lung showed
thrombi containing cells identical with those of the anterior chamber trans-
plant. It should be emphasized that the cells were confined within blood
vessels, and in the absence of extravascular growth, the lesion cannot be
regarded as a metastasis.
Histologically, the tumors used for transfer covered much of the archi-
tectural range characteristic of melanomata, and with a single exception,
the transplants closely resembled the parent growth. The exception occurred
in the case of J. K., where the parent tumor was of a solid alveolar type
and the transplant fascicular and perithelial in arrangement. The trans-
plantable and non-transplantable tumors showed no distinguishing difference
in architecture or cytology and there was no morphological distinction be-
tween consecutive biopsies of the same tumor taken during non-transplant-
able and transplantable phases.
Discussion
The development of heterotransplantability in the natural history of a
melanoma is an event imbued with clinical significance. It reflects the
acquisition of new tumor properties conducive to rapid dissemination and
portends a fatal termination. The fact that heterotransplantability is a func-
tion of development and not an inborn attribute of this tumor is of equal
import. Despite an identity in histological appearance, the melanoma with
lethal metastases is not the same tumor as the neoplastic growth initiating
the disorder.
The ability to grow in alien species was demonstrated to be a character-
istic of the melanomas in all but one of the fatal cases. The exception con-
stitutes evidence of the developmental nature of the property for the perti-YALE JOURNAL OF BIOLOGY AND MEDICINE
nent transfer was carried out at a relatively early stage of the disease,
antedating death by 30 months. It seems highly probable that had another
test been performed at a more advanced stage, a positive result would have
been obtained. Such was the case in the patients F. W. and W. U. In the
former, a test carried out 3y2 years before death gave negative results while
a subsequent transfer, 40 months later or two months before death, estab-
lished the presence of the acquired property. The case of W. U. is compli-
cated and difficult to interpret on the basis of present knowledge. However,
if only the results in normal animals are considered and the possible effects
of castration are disregarded, then takes were not observed in a test per-
formed ten months before death, while transfer seven months later was
followed by growth.
More definitive time relationships in the development of heterotrans-
plantability require studies of successive biopsies repeated at frequent in-
tervals and such were not available. In the series as a whole, the survival
periods of patients who eventually died of the disease averaged 5Y2 months
after successful transfer and 27 months when transfer failed. But these
figures were not derived from chronologically arranged transfers and are of
value only as indications of the duration of the changed status of the tumor.
The two ocular melanomas failed to grow in guinea pigs at the time of
exenteration and the patients are living and free of tumor at the present
writing (approximately five years). Apparently, both of these tumors were
completely removed before any dissemination had occurred. Such was not
the case in the patients F. W. and E. C. whose tumors also failed to grow
at the first transfer. The primary growth in the shoulder of F. W. could
not have been adequately removed at the first operation, for it recurred
locally 42 months afterwards. The primary tumor did not grow on transfer
but the tumor cells left in the patient continued their biological development
and during the 3Y2-year interim between operations attained hetero-
transplantability. The case of E. C. presents a different picture. The
inguinal node removed at operation was clearly not the only one involved,
and tumor cells in other foci subsequently underwent development to
biological autonomy and killed the patient.
The significance of failure to grow on heterologous transfer has been
studied extensively in the tumors of lower animals and it has been
demonstrated that the properties of heterotransplantability and metasta-
sizability are either one and the same or are attained simultaneously. Thus,
failure to grow on heterologous transfer is interpreted to mean that the
tumor is not yet capable of metastasis. This conclusion was drawn from
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FIG. 1. F.H. (No. 7) Tissue used for transfer. All sections stained with H. & E.
All mag. x200.
FIG. 2. F.H. (No. 7) Transplant from anterior chamber of guinea pig.
FIG. 3. R.D. (No. 51) Tissue used for transfer.
FIG. 4. R.D. (No. 51) Transplant from anterior chamber of guinea pig.S 6
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FIG. 5. E.C. (No. 53) Tissue used for transfer. No takes were obtained in the
guinea pig's eye.
FIG. 6. F.W. (No. 64) Tissue obtained from primary tumor in April, 1943. Guinea
pig transfer was unsuccessful.
FIG. 7. F.W. (No. 207) Tissue obtained from recurrence of previous tumor in
October, 1946. Transfer was successful.
FIG. 8. F.W. (No. 207) Transplant from anterior clhamber of guinea pig.ill
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FIG. 9. J.K. (No. 144) Tissue used for transfer.
FIG. 10. J.K. (No. 144) Transplant from anterior chamber of guinea pig. Note
change of architecture from solid alveolar to fascicular perithelial pattern.
FIG. 11. A.H. (No. 457) Tissue used for transfer. No takes were obtained.
FIG. 12. A.H. (No. 457) Histological appearance of residual tissue in anterior
chamber 25/2 months after transfer.F
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FIG. 13. W.U. (No. 441) Tissue obtained from popliteal mass in April, 1949. No
takes resulted in normal pigs but growth occurred in transplants combined with
fragments of placenta.
FIG. 14. W.U. (No. 441) Transplant from pig's eye growing in association with
transplant of placenta.
FIG. 15. W.U. (No. 512) Tissue obtained from cervical node of same patient in
September, 1949. Transfer to normal pigs was successful.
FIG. 16. W.U. (No. 512) Transplant from anterior chamber of normal guinea pig.I
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FIG. 17. E.W. (No. 462) Tissue used for transfer.
FIG. 18. E.W. (No. 462) Transplanit from anterior chamber of guillea pig's eye.
FIG. 19. V.H. (No. 151) Tissue used for transfer. No takes were obtained.
FI(G. 20. A.T. (No. 152) Tissue used for tranisfer. No takes were obtainied.HETEROLOGOUS TRANSPLANTATION OF HUMAN MELANOMAS 619
careful post-mortem examination of the bodies of animals for the presence
or absence of metastases after the transplantation of their tumors. Such
examination is obviously not possible in man and the conclusion is largely
inferential as applied to this species. It has been found, however, that
human tumors with recognizable metastases always grow on transfer and,
in a number of cases, the unsuspected presence of metastases was first
disclosed by positive transfer and later proved by x-ray. Conversely, the
survival periods of patients with non-transplantable tumors are such as to
exclude the possibility of metastases being present at the time of transfer.
It should be emphasized that, in these considerations, lymphatic extension
is sharply differentiated from metastasis. Secondary growths arising from
lymphatic extension of a primary tumor, e.g., the great bulk of axillary
nodes in breast cancer, are not transplantable and neither the primary nor
secondary growths become transplantable until the ability to form true
discontinuous metastases is attained.
The present data indicate that melanomas are comparable with other
tumors in these respects. The inguinal node in the case of vulval melanoma
(E.C.) and the axillary node derived from the melanoma of the arm
(A.H.) failed to grow in guinea pigs and probably represented lymphatic
extensions of the nearby primaries. E. C. lived 3y2 years after removal of
the inguinal node and at present, 8 months after axillary dissection, there
is no clinical evidence of tumor in the patient A. H. In contrast, it is
suggested that the nodes successfully transplanted to guinea pigs were
either true metastases or lymphatic extensions of tumors that had
metastasized elsewhere. The average survival period of 5y2 months in such
cases is supportive evidence.
A paradox appears when such considerations are applied to the case of
W. U. The secondary focus in the popliteal node could hardly have arisen
as a lymphatic extension of the lesion in the scalp. Yet, its behavior was not
that of a metastasis for it did not grow on transfer to normal animals.
A speculation, worthy of further inquiry, is that the popliteal node was
actually a metastasis and that the biological constitution of the tumor
including its transplantability was modified by castration. Such a modifica-
tion is known to follow castration in prostatic cancer and is manifest by the
temporary failure of new metastases to appear and the regression of existing
lesions. It is conceivable that the relationship between the failure of the
prostatic cancer to metastasize and of the melanoma to transplant may rest
on an alteration of the tumor cell affecting its ability to elicit stroma. In
such cases, successful transfer of the melanoma would be expected if the620 YALE JOURNAL OF BIOLOGY AND MEDICINE
transplanted tumor could be supplied with a ready-made stroma. In
actuality, takes did occur when fragments of placenta were added to the
tumor inoculum and the function of the placental tissue in this outcome
may well have been purely stromal and supportive.
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